Global evapotranspiration (ET) products, as compensation for eddy-covariance observations, provide useful data sources for understanding terrestrial water-energy budgets at different scales, especially for data-sparse regions. Here, we evaluated three remotely sensed ET products against water balance-based reference ET (ET WB ) in 16 river basins across the Tibetan Plateau (TP) on a monthly time scale from 1983 to 2011. The results indicated that ET_GLEAM performed the best overall across the 16 TP river basins in terms of the multi-year average and the interannual variability of monthly ET WB , followed by ET_ZHANG and ET_CSIRO. The multi-year means of monthly ET WB were better estimated overall by the three remotely sensed ET products rather than their interannual variability.
INTRODUCTION
Evapotranspiration (ET), which determines the partitioning of available water (precipitation) into surface runoff and groundwater recharge, as well as the partitioning of available energy into sensible and latent heat fluxes, has an essential role in terrestrial energy, water and carbon cycles (Trenberth et al. ) . During the past few decades, the terrestrial ET was expected to increase with the intensified global hydrological cycles under climate warming (Huntington ; Song et al. ) . Our knowledge about the magnitudes of ET changes and their spatial patterns at relatively larger spatial scales (i.e., basin, regional and continental scales) is still limited due to the sparse ET observation networks and the high spatial-temporal heterogeneity of ET (Xu & Singh ) .
To compensate for in situ ET observations, a number of global ET products (i.e., remote sensing-based ET, land sur-us to evaluate ET products across numerous sites of diverse vegetation categories (Miralles et al. ; Zhang et al. , ) , but the sparse spatial coverage, relatively short period and the lack of energy balance closure in some EC sites limit its application in validating ET products at basin and regional scales. The water balance-based ET is an alternative reference for assessing ET products at the basin scale (Mueller et Basin. These studies usually used water balance-calculated ET from observed runoff, precipitation and satellite-derived (i.e., Gravity Recovery and Climate Experiment (GRACE)) water storage change (ΔS, this term can be neglected at the multi-year scale). However, the coarse resolution of GRACE-derived water storage change always limits the validation of global ET datasets in relatively smaller river basins (for example, the reliability of GRACE data will decrease when the area of interest is smaller than the GRACE footprint, ∼4
× 4 ) at annual/seasonal/monthly time scales.
The Tibetan Plateau (TP) is the highest plateau in the world, with an average elevation higher than 4,000 metres above sea level (Liu et al. ) . It is also a vulnerable region under climate warming, with strong interactions among multi-spheres in the earth's system (Yao et al. ; Liu et al. b) . Some major Asian rivers (i.e., the Mekong River, Brahmaputra River, Indus River, Yellow
River and Yangtze River) originate from the TP, which serves as the 'Asian water tower' supporting the livelihoods of hundreds of millions of people in Asian countries (Immerzeel et al. ). However, the basic understanding of basinscale water-energy budgets on the TP is still limited so far, due to the lack of in situ hydrometeorological observations (Ma et al. a, b (). Moreover, the downscaled GRACE-derived terrestrial water storage changes were used to calculate the reference ET, which enables us to evaluate global ET datasets in relatively smaller basins. The paper is organized as follows: the in situ and satellite-observed datasets and related approaches adopted in this study are described in the section 'Methods and datasets'; the results of multiple satellite-retrieved ET evaluations are presented and discussed in the section 'Results and discussion'. The uncertainty inherited from this study is also discussed in this section, and is followed by the final section 'Conclusions'.
METHODS AND DATASETS Data
In situ and satellite observations
In this study, we use observed monthly precipitation and runoff as well as GRACE-derived changes in terrestrial water storage (Tapley et The 's1-s6' in the river name column refer to the sub-basins of Yellow River and Brahmaputra River. It should be noted that the evaluation was finally restricted to the period of 1983-2011 due to the availability of all observed and satellite-based data used in this study. All gridded datasets (including precipitation, downscaled GRACE data, ZHANG_ET and GLEAM_ET) used were interpolated uniformly to a spatial resolution of 0.5 based on a bilinear interpolation to make their inter-comparison possible, and then the averages were extracted for each of the TP basins.
Methods

Water-balanced ET reference (ET WB )
To assess the performances of three remotely sensed ET datasets, we use the monthly ET WB as the reference value.
The monthly ET WB was calculated through the basin-scale water balance approach as follows:
Here, P (mm) and Q (mm) are basin-wide precipitation and runoff. ΔS (mm) is the terrestrial water storage change, which includes the changes in surface water, subsurface water and groundwater. At the monthly time scale, the term of ΔS in Equation (1) cannot be neglected due to the influences of snow cover change and human activities, such as agricultural water withdrawal and reservoir operation.
During the GRACE era from April 2002 to April 2015, the monthly ΔS can be estimated directly from GRACE retrievals. The ET WB can thus be estimated using the observed P, Q and satellite-derived ΔS during the period of 2003-2011. In the non-GRACE era, for example, the period of 1983-2002 in this study, we calculate the monthly ET WB using a two-step bias-correction procedure (Li et al.
).
We first define P minus Q as the biased ET (ET b ), compared to the ET WB (the terrestrial water storage change was considered in its calculation at the basin scale using Equation (1) 
Evaluation criteria and non-parametric trend detection
Three evaluation criteria (i.e., Spearman's rank correlation coefficient (CORR), root-mean-square-error (RMSE) and Nash-Sutcliffe efficiency coefficient (NSE)) were applied to evaluate the three remotely sensed ET products against the reference ET (ET WB ). The RMSE and NSE are defined as:
Here, A i and B i are the satellite-based ET product and are first converted to ranks rgA i and rgB i , respectively, and CORR can be computed using the following popular formula:
which is the difference between the two ranks, rgA i and rgB i .
The non-parametric Mann-Kendall's test (MK test) was also used in this study to detect the annual and seasonal trends of ET for TP river basins (Kendall  
Here, x is the variable, a sample of n independent and identically distributed random variables, and t is the extent of any given tie. The magnitude of a trend, represented by Sen's slope -β (Hirsch et al. ), was also used in this study: (-0.16) and the lowest RMSE (11.53 mm/month) with ET WB compared with the other two ET datasets (Figure 4 ). In the ( Figure 4) . Overall, the performances of the three ET datasets did not show obvious differences among the four basin groups. For example, all ET products performed relatively better in semi-arid and dry sub-humid basins than in arid and humid basins in terms of CORR. However, similar
results cannot be concluded in terms of NSE and RMSE.
Seasonal cycles and trends
We also compared the seasonal cycles of ET estimated by three satellite-based datasets against the water balancebased reference ET ( Figure 5 ). In the upper Yellow River, ET_GLEAM estimated the intra-annual variation of ET remotely sensed ET datasets is critical for improving the accuracy of these products, but it has been difficult to comprehensively investigate so far. It is thus beyond the scope of this study, but it deserves to be further explored in our future studies.
The main uncertainties in this study may be inherited from the calculation of ET WB (Han et al. ) . First, we used the satellite-derived ΔS together with the observed P and Q in Equation (1) to calculate ET WB for relatively smaller river basins in the GRACE era (2003 afterward). The reliability of GRACE-derived ΔS will decrease when the area of interest is smaller than the GRACE footprint (∼4 × 4 ). Therefore, we used the corrected and downscaled (0.25 × 0.25 ) GRACE-derived ΔS in this study to enable its applicability in relatively smaller basins. We also compared the finalized GRACE-derived ΔS data from three different processing centres (Figure 6 ). Although the three seasonal 
CONCLUSIONS
In this study, we comprehensively evaluated three remotely sensed ET products (i.e., ET_GLEAM, ET_ZHANG and ET_CSIRO) against ET WB calculated from the water balance in 16 river basins across the TP at a monthly scale during the period of 1983-2011. We found ET_GLEAM performed the best overall against the water balancecalculated ET WB across the 16 TP river basins in terms of the multi-year average and the interannual variability of monthly ET WB , followed by ET_ZHANG and ET_CSIRO.
The considerations for the processes of canopy interception loss and soil moisture stress included in the algorithm of ET_GLEAM may improve its accuracy in the TP. Compared with the multi-year average, the interannual variability of monthly ET was simulated relatively more poorly for all satellite-based ET products.
When evaluating these satellite-based ET datasets using multiple criteria (i.e., CORR, NSE and RMSE), we found 
